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• Nuclear data measurements is about             

fulfilling needs … 
 
 

• Which data? 
 
 

• How to select? And where to start?  
– User needs, HPRL, JANIS, EXFOR … 
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We have a facility now we shall 
make good use of it … 

Sample 

Detector arrangement 

Electronics and DAQ 

Analysis 

Results 

Fulfilling some needs 
(the original reason …) 

Beam 

Beam monitor 
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Nuclear data: what’s it about? 

Applications 
(demands and needs 

from users)  

Nuclear 
physics 

identify needs 

Theoretical: 
 Nuclear reaction modelling 
Experimental: 
 Nuclear physics measurements 
 Detection and measurement techniques 
Computational: 
 Simulation codes 
 Analysis methods 

 
Nuclear data evaluation methodology 

Medical: 
 Nuclear medicine, Dosimetry, … 
 Drug development, Regenerative medicine, … 
Materials: 
 Semiconductors, Radiation damage, … 
Energy: 
 Fission (GenIV, fuel cycle,…), Fusion, … 
Safety and Security: 
 Safeguards,  … 
Environment: 
 Radioecology, … 
Science: 
 Archaeology, Astrophysics, Geology, … 

provide data 

At the core: empirical data 
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Nuclear data: how is it done? 

Nuclear 
physics  

model codes 

Nuclear 
physics 

experiments 

End-user 
applications 

Nuclear 
data 

evaluation 

Requirements 
(sensitivity analysis) 

Covariances! QA: Reproducibility, etc.  
(see, e.g., the TENDL project) 

Koning and Rochman, Nucl. Data Sheets 113 (2012) 2841 
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About 6000 bound nuclei 
(roughly 60% have been studied) 

Several relevant incoming particles 
(neutron, gamma, proton, alpha, …) 

Many reaction channels 
(elastic, in-elastic, capture, fission, …) 

Hugh energy range 
(from meV to GeV, i.e. 12 orders of mag.) 

Last not least: 
Nuclear structure and decay data are needed 
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Uranium 

Induced radioactivity:  
neutron capture in 

water, air,  
construction material 

Pu and minor actinides 
from neutron capture 

Fission products 
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The truth? 
(yes we need models) 

• One isotope (U-235),  
• one reaction channel (fission),  
• one incoming particle (neutron),  
• one data set  
     (Gwin et al. (1984), 1616 data points) 

Plotted with JANIS from NEA 
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Physical quantities of interest  
(i.e. to be stored in nuclear data files) 

• Cross sections   σ(E) 
• Angular distributions (emitted particles) dσ/dΩ 
• Energy spectra (emitted particles) dσ/dE’ 
• Energy-Angle correlated spectra  d2σ/dE’dΩ 
 (Double-differential cross section, DDX) 
 
• Resonance parameters 
• Neutrons per fission, Fission energy spectrum, Fission product yields 
• … 

 
• Covariance data 
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E.g.: Needs for fission reactors 

S. Pomp, ICTP Trieste, Oct 2017 

- fission cross sections of 234U, 237Np, 238,240-242Pu, 241,242m,243Am, 242-246Cm 

- fission nu-bar of 238,240Pu, 241Am and 244Cm 

- capture of 235,238U, 237Np, 238-242Pu, 241,242m,243Am, 244Cm 

- inelastic scattering of 238U, 239,240,242Pu, 241,243Am, C, O, Na, 56Fe, Pb, Bi, 90Zr 

- neutron removal of 10B, C, O, Na, Si, Fe, Ni, Pb 

- elastic scattering of 238U, C, 15N, O, 52Cr, 56Fe, Pb 

A High Priority Request List  (Short list) : 
 

Cross sections (fission, capture, scattering) 

Fission neutron spectra, Nu-bar 

Gamma source term, Spent fuel inventories, 

Decay heat, and dose rates 

• Fast neutron  

• Transmutation and target design in ADS  

• High burn-up systems.  

• Structural materials and coolants 

And 
 - Prompt neutrons and gamma fission spectra 
 - Delayed neutrons and gamma yield 

Need of accurate measurements of neutron induced reactions  

Slide courtesy X. Ledoux 



NEA Nuclear Data HPRL 
http://www.oecd-nea.org/dbdata/hprl/ 

The basic philosophy of the present list is […] to stimulate nuclear research that will lead to  
improved quantitative knowledge of important nuclear processes based on requests  
received from the nuclear science community. 
 
Requests for improved nuclear data may be submitted by any members of the broad nuclear science community  
who possess knowledge of the data issue that gives rise to the request,  
and who can provide the information required to complete the data request submission template.  
It is anticipated that most of the requests received by the NEA will be from the data user community,  
and that these requests will be associated with specific contemporary nuclear science and technology projects.  […] 
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http://www.oecd-nea.org/dbdata/hprl/requestform.html


Current knowledge? JANIS … 
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JANIS 
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JANIS 
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JANIS 



EXFOR 
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EXFOR 
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EXFOR 
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EXFOR 



Conclusion 
 
Good starting point: 
 
Do not only look at the data points but read up on 
how and where previous measurements for the reaction you want to 
study were performed. 
You may also want to take a look at similar reactions. 
 
 What challenges did the experimentalists face? 
 What worked well?  
 How well?  
 What did not work? 
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A test case 
Let’s walk through a possible experiment 
 
Starting point: some data needs, e.g., from the HPRL: 
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LCP from 39K for fusion app. 
 

The latest request is from May 2017 and concerns measurement of 
 
39K(n,p) and 39K(n,np) in the energy range between 10 and 20 MeV. 
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Details for the request 
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Irradiation plus AMS 

Proton spectroscopy 



Look at some basics first 

     Isotopic compostion of natK: 
  

 39K   93.26% 
 40K    0.01% 
 40K    6.73% 

 
 
Reaction products: 
 
38Ar stable 
39Ar β- 
 

β--decay goes to g.s. 
 

γ-spectroscopy not possible 
 

(Note: for 41K(n,p), γ-spectroscopy would be an option) 
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Options? 
• Either use proton spectroscopy (e.g. with active detector), 

 
 
 
 
 
 

• or use mass measurement of products 

http://zfn.mpdl.mpg.de/data/Reihe_A/15/ZNA-1960-15a-0200.pdf 
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Target? 
Tricky: 
• Potassium is a highly reactive metal 
• Either treat under vacuum or inert gas or 
• Use a composite (which needs background subtraction) 

 
For the sake of this discussion: let’s assume we found a 
way to handle thin K sheets (e.g., sealed between mylar 
foils) as a target … 
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Passive or active? 
• Out-of-beam measurement  

– activation technique; e.g. irradiation plus AMS  
– needs either mono-energetic beam (e.g., DT), or                               

QMN + unfolding/low-E-tail subtraction methods  
– Pro: Measures product (independent of reaction channel)  
– Con: Limited number of available beam energies 

 
 
• In-beam measurement 

– neutron beam plus online detection 
– Pro: measurements at many incoming energies possible 
– Con: possible ambiguity on reaction product (e.g., (n,xp) measurement) 

S. Pomp, ICTP Trieste, Oct 2017 



Let’s say we opt for proton detection 

• Method? 
– Active target (target = part of detector) 

• Pro: 4π coverage 
• Con: careful response analysis necessary 

– Target + Telescope (∆E-E) 
• Pro: PID, energy spectra, angular distributions 
• Con: small ∆Ω coverage 

• Beam? 
– DT source: one mono-energetic beam 
– QMN beams (Li(p,n)): several beams but low-E tail 
– White beam: “all in one”  
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One problem though … 

What we would measure 
is (n,xp). According to TALYS  
this xs is, in the 10-20 MeV region, 
heavily dominated by (n,np). 

Possible way out?  
Study the energy of the emitted proton: 
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Anyway, we go ahead and … 
… decide that we want to use a white neutron beam with good intensity in 
the interesting energy range (NFS) and that we use a setup like Medley: 

The HRPL asks for an uncertainty for the measured cross section below 10%. 
Typically systematic uncertainties dominate (normally larger than 5%) so we need 
to go for a statistical uncertainty of, say, better than 1% (10,000 events). 

Question: how much beam time would we need? 
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Reaction rate estimation 

𝑅𝑅 =  𝜎𝜎(𝑛𝑛,𝑝𝑝) ∙ Φ𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∙ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

Reaction rate per unit time 
and energy bin 

Cross section 
Beam flux per unit time,  
unit area and energy bin 

Number of target nuclei 
within the beam 

1/s/MeV 

1/cm2 

1/cm2/s/MeV 

Let’s use 1 MeV bins 
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Reaction rate estimation 

𝑅𝑅 =  𝜎𝜎(𝑛𝑛,𝑝𝑝) ∙ Φ𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∙ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

The cross section is roughly 200 mb: 
 
200 mb = 200 · 10-3 · 10-24 cm2 = 2 · 10-25 cm2  
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Reaction rate estimation 

𝑅𝑅 =  𝜎𝜎(𝑛𝑛,𝑝𝑝) ∙ Φ𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∙ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

NFS flux at 5 m according to the figure: 
 
 
 
 
 
 
 
 
 
Let as use an average of 3 · 106 cm-2 s-1 MeV-1 

En  
[MeV] 

E dΦ/dE 
[cm-2 s-1] 

dΦ/dE 
[cm-2 s-1 MeV-1] 

5 1· 107 2 · 106 

10 4 · 107 3 · 106 

15 7 · 107 5 · 106 

20 5 · 107 2.5 · 106 
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Reaction rate estimation 

𝑅𝑅 =  𝜎𝜎(𝑛𝑛,𝑝𝑝) ∙ Φ𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∙ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

Target:  
assume a disc of metallic potassium (yes, it is tricky …)  with  
• diameter 3 cm, i.e., Atarget =   
• thickness t = 100 µm, and 
• density ρ = 0.89 g/cm3 (areal density is  then 8.9 mg/cm2).  
 

𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =  𝜌𝜌 ∙ 𝑡𝑡 ∙  𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ∙  
𝑁𝑁𝐴𝐴
𝑀𝑀𝑎𝑎

 ≈ 1021  
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Reaction rate estimation 

𝑅𝑅 =  𝜎𝜎(𝑛𝑛,𝑝𝑝) ∙ Φ𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∙ 𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

Using 
𝜎𝜎(𝑛𝑛,𝑝𝑝)    = 2 · 10-25 cm2 
Φ𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  = 3 · 106  cm-2 s-1 MeV-1 
𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1 · 1021  

we get R = 600 s-1 MeV-1  

Assuming further we have an arrangement of 10 detector telescopes  
with Si detectors (100% efficiency for protons) with an opening are of 450 mm2 each 
and placed at a distance of 10 cm, we cover about 3.6% of 4π. 

This finally gives that we register 20 events per second and  
would need (only) 500 seconds to collect 10,000 events. 
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What more … 
… do we need to consider? 
 
 

We need to correct for energy and particle losses  
in the target. But 100 µm thickness seems quite ok: 

Calculated with SRIM; see srim.org 

Furthermore: what we would measure with a setup of telescopes placed at different 
angles is in fact dσ/dΩ(Θ). 
 
To get σ we need to integrate over the scattering angle, probably needing proper  
interpolation/extrapolation, i.e.,  
a theoretical description of the shape of the angular distribution.  

But we stop this discussion here for now. 
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In sum 
We looked at the case of measuring the cross sections for 
39K(n,p) and 39K(n,np) in the 10 to 20 MeV range. 
 
Using a white neutron beam as in the future NFS facility and an arrangement 
of detector telescopes, we estimated that enough statistics could be collected 
within far less than one hour of beam time. 
 
Main problems that one needs to solve: 
• How to get a suitable target (potassium is chemically highly reactive). Maybe 

one can use a compound. But these would need advance background 
subtraction. 

• How to distinguish between (n,p) and (n,np)? Following the present discussion 
we would measure (n,xp). However, with input from model calculations this 
might be good enough. 

• Probably something else that we did not think of yet …  

S. Pomp, ICTP Trieste, Oct 2017 
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